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of this area belongs to the exposed Pleistocene deposits,
and rest are the floodplain, alluvial fan, channels, and
flood basins of the number of rivers flowing through the
area.
Materials and Methods
Satellite images and historical maps have been used to
delineate the shifting of rivers in historic time in the area.
Climatic data have been used to delineate the rainfall and
temperature pattern. Water table and irrigation data have
been studied to delineate the irrigation practice and its
effects on water table during dry and wet period.
Lithological logs have been studied to evaluate the sub-
surface lithological condition of the northwestern part of
Bangladesh. Finally, these data and information have
been used to study the scarcity of water in the area.
General geology. The Bengal basin occupies a major
part of Bangladesh. Tectonically, this part of the Bengal
basin is divided into two major divisions (a) the
Precambrian rangpur platform and (b) the Bengal foredeep
(Khan, 2002). The study area is located in the
northwestern part of Bangladesh and falls in the
Precambrian rangpur platform of the Bengal basin. It is
an alluvial plain with elevated (about 11-48 m amsl)
Pleistocene terraces.
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Introduction
The Barind tract is characterized by lower rainfall and
higher temperature compared to those of other parts of
the country. It is an agricultural landmass where life is
written in water. The major portion of the cropland of
the Barind tract is used for rice production and most of
this rice land is now shown with high yielding varieties
(HYV) of rice which is cultivated during dry season.
These varieties of rice require high volume water and
excess demand of water is fulmet by withdrawal of
groundwater. Due to overexploitation and lack of
replenishment of groundwater, increase in overall
temperature and evaporation, decrease in summer
precipitation and soil-moisture water table progressively
declined (av. rate 0.10 m/year) (Islam et al., 2012) and
the area is being turned hydro-meteorologically into a
semi-arid zone with low to moderate groundwater potential
zone. This problem posed different issues like land use
and urban development, with variable dimensions in the
groundwater for irrigation in the area.
Present study is an attempt to interpret the climatic
condition, irrigation practice and drainage characteristics
of major rivers to unveil the causes of dewatering of the
area. The study area lies between latitudes 24º00´-26º00´
N and longitudes 88º00´-89º30´ E (Fig. 1). A large part
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Abstract. The Barind tract is an elevated landmass (about 11-48 m amsl) comprised with Pleistocene terraces and is
situated in the northwestern part of Bangladesh. At present, this area faces scarcity of water. The present study is an
attempt to unveil the causes of water scarcity of the area. Several aspects like change in climatic condition, irrigation
practice and drainage characteristics of major rivers are the prime factors for water scarcity. Interpretation of recent
satellite imagery and historical records reveal that the major rivers of the area like Ganges (Padma), Tista and Kosi
have remarkably migrated from Barind tract during last few hundred years. Shifting of these rivers causes great change
in hydrodynamics of the Barind tract. As a result, flow of other related rivers of the area like the Mahananda, Kulic,
Tangon, Punarbhaba, Atrai, Little Jamuna, Karatoya and Nagar reduces remarkably in the dry season. As a result
aquifers in the area are not recharged sufficiently by river water in the dry season. India constructed Farakka barrage
on the Ganges (Padma) river in 1975 to divert the flow of water from Bangladesh to the other parts of India. This
diversion of water also leads to the decreasing of water in the area. Climatic data interpretation of the last 50 years
also reveals that annual rainfall in the area is decreasing while overall temperature is increasing. To boost up the
cropping intensity (117% to 200% compared to national average of 174%) and to meet present demand 74% of
cultivable lands are being irrigated with 96% share of groundwater owing to unavailability or scarcity of rainfall and
hence surface water. Irrigation by groundwater has dramatically been increased (250 times) in the last 30 years. Due
to over exploitation, water table progressively declined (av. rate 0.10 m/year) which ultimately leads the area to water
scarcity zone. The aquifers are confined or semi-confined and do not get appreciable vertical recharge through clay
beds. Recharge is mainly through the exposures of sandy strata in the river beds which are flooded in Monsoon season.
All sorts of parameters for water scarcity indicate that this condition may aggravate further if no rescue measures are
taken immediately.
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Topography and relief. The Pleistocene barind tract,
the Himalayan piedmont plain (Tista fan), Floodplain of
the Ganges (Padma) and Jamuna rivers with their
tributaries and distributaries are the three major
geomorphic surfaces covering the study area (Fig. 2). A
prominent NW-SE lineament is present along the eastern
margin of the eastern Barind tract, which separates the
eastern Barind tract from the active Jamuna floodplain
(Alam, 1995). The elevation of the eastern Barind tract
is about 11-25 m amsl with regional slopes towards SW.
The surface has very low relief and low drainage density.
The southward slopping active Jamuna floodplain is
nearly flat having an average elevation of 13 m amsl.
The northeastern Barind tract is about 21-26 m amsl with
regional slope towards S-SW. The east-central Barind
tract lies about 18-27 m amsl with regional slopes towards
S-SW. It has very low drainage density. The elevation of
the west-central Barind tract is about 14-48 m amsl. The
surface is undulating in nature having high drainage
density. This area slopes towards SE and SW respectively.
The elevation of the western Barind tract is about 20-24
m amsl with regional slope towards SW and SE
respectively. It has low drainage density. The western
and west-central Barind tract is terminated by the
floodplains of Ganges (Padma), Punarbhaba and
Mahananda rivers. The floodplain is 20-22 m amsl having
regional slope towards SWT.
The south-central part of the study area is the floodplains
of Ganges (Padma), Little Jamuna, Atrai, Baranai, Baral
and Sib rivers. It represents a big swampy area. Large
numbers of depressions (beel) occur in this floodplain.
The elevation of this floodplain is about 8-23 m amsl
with regional slopes towards SE. Floodplains of this area
represent anastomosing drainage pattern, whereas the
Barind tract shows dendritic drainage pattern. All the
floodplains of the study area are deeply inundated annually.
The northernmost part of the study area is the Tista fan.
The elevation of this fan is about 30-45 m amsl with
regional slopes towards SW and SE.
Fig. 1. Location map of the study area.
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Fig. 2. Outcrop feature of the Barind Tract and its surrounding areas.
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Hydrology. The Ganges (Padma), Mahananda,
Punarbhaba, Kulic, Tangon, Atrai, Sib, Little Jamuna,
Tulsiganga, Baral, Nagar, Karatoya, Ghaghat and Tista
are the main rivers in the study area (Fig. 1). All the
rivers are flowing roughly N-S, NE-SW and SE directions.
The Barind Tract shows tightly meandering entrenched
channels (Fig. 1) with dendritic drainage pattern, whereas
the rivers in the floodplain are either meandering, braided
or anastomosing drainage channels (Fig. 1). Water of the
rivers, their tributaries and distributaries are fresh.
Results and Discussion
River shifting. During 1780s and before the Tista used
to drain partly through the Punarbhaba into the Ganges
(Padma) and partly through the Lower atrai channel
during 1783 as it is shown in Rennells and other older
maps (Fig. 3). The shifting of Tista river (eastward) from
Ganges to Brahmaputra (about 100 km) has occurred
during 1787 earthquake (Johnson, 1975). On the other
hand the Kosi River at the foothills of the Himalayas in
Bihar, India, has shifted 113 km westward over the Kosi
Fan in 228 years (Wells and Door, 1987) Fig. 4. This
river originally joined the Mahananda, a river coming
from the Darjeeling Himalayas. It is known that the Kosi
flowed by Purnea (Bihar) 200 years. From the
interpretation of recent (in this decade) satellite imagery
it can be seen that once upon a time the Panar Kosi river
(a distributary of the Kosi river in India) flowed through
the Mahananda river. But this river shifted towards
northwest and presently falls into the Padma river at
about 40 to 45 km northwest from the Mahananda river
(Fig. 6). The interpretation of paleo-drainage sytems and
satellite imagery also reveals that once upon a time the
Padma river was flowing through the present Mahananda
river and the Tista, Punarbhaba, Mahananda, Kulic,
Tangon and Kosi rivers were directly falling into the
Padma river in (Fig. 7). Shifting of these rivers have
great hydrogeological changes in the Barind tract. Due
to shifting, the other rivers in the areas like the Mahananda,
Kulic, Tangon, Punarbhaba, Atrai, Little Jamuna,
Karatoya, Nagar etc. flow with little or no water in the
dry season. As a result, in the dry season the aquifers in
the areas are not recharged by river water. The river area
which is occupied by river beds is also decreasing
dramatically day by day. In 1974 river area was about
5113990 hectares, which decreased to 121162 hectares
in 2002 and 121633 hectares in 2008 (Fig. 5).
Farakka barrage. The Ganges or Padma is one of the
major rivers of the world. India constructed Farakka
barrage on it in 1975 to divert the flow of water from
Bangladesh to the other parts of India (Fig. 8). This
diversion led to a crisis situation in Bangladesh, especially
Fig. 3. Ancient drainage map of the northwestern part of
Bangladesh (after Rennell, 1783).
Fig. 4. Shift in the courses of the Kosi, Tista, Padma and
Brahmaputra Rivers from the mid eighteenth century to
present (ANON, 1996).
Fig. 5. River area in the northwestern part of Bangladesh
from1974 to 2008 (Source: Statistical Year Book of
Bangladesh).
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in the dry season. The diversion of water also leads to
the decreasing of water discharge in the Ganga/Padma
River in Bangladesh (Fig. 9).
Irrigation practice.  Bangladesh is one of the densely
populated countries in the world. Population record
implies that in this part of Bangladesh, population has
increased by 5 times in the last 100 years (Fig. 10). For
the huge population of the country, agriculture practice
has to be changed by converting single cropped land to
three cropped land. Besides, high yielding varieties are
also introduced. Cultivation of modern variety (MV) of
rice during the dry season is almost entirely dependent
on irrigation. For these reasons water demand increased
several times. Due to shortage of surface water, farmers
began to withdraw groundwater. Irrigation by groundwater
has dramatically been increased (250 times) in the last
30 years (Fig. 11). Due to over exploitation, water table
progressively declined (av. rate 0.10 m/year). Some
observation wells data were collected to show the picture
of water table in dry and wet period in various parts of
Fig. 6. Interpretation of Landsat ETM+ (digital) image
of 2001 showing shifting of the Panar Kosi river from
the Mahananda river to the west and its successive paleo-
flow.
Fig. 7. Interpretation of Landsat ETM+ (digital) image
of 2001 showing shifting of the Padma river from the
Mahananda River to the west.
Fig. 8. Location of Farakka Barrage.
Fig. 9. Water discharge of Ganges (Padma) River at
Hardinge Bridge Pakshi, Pabna, Bangladesh from 1968-
2010 (Source: BWDB).
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the study area. The data reflect that in most cases the
water tables have progressively declined. The data also
reveals that water tables are not same in every part of the
area (Fig. 12). It may be due to different morphology,
sub-surface lithological condition, drainage density and
recharge as well as withdrawal of water. During dry
season the ground water table lies at depth up to 25 m in
some areas (Fig. 12). For that reason, traditional unplanned
hand tube-well and pumps become incapable to extract
water because of the scarcity of water in the area.
Confined and inhomogeneous aquifer. From lithological
interpretation it is revealed that the thickness of sediments,
their lithologies, and aquifer potential, are possibly related
to fault controlled grabens and horsts in the area (Figs.
13, 14 & 15). The lateral extent and thickness of aquifers
are also variable from place to place (Figs. 13, 14 & 15).
In some areas the lateral as well as vertical continuation
of aquifers are obstructed by clay layers (Figs. 13, 14 &
15). As a result, in the rainy season aquifers are not
sufficiently recharged by rain and river water in
comparison to withdrawal of water which causes scarcity
of water. Although many aquifers are connected to each
other and some aquifers show good recuperated levels
in rainy season (Fig. 12 (iii, iv and vi)) but this water
cannot recharge all aquifers in the area due to elevation
difference (Figs. 2, 15 & 16).
Fig. 10. Population trend in the northwestern part of
Bangladesh from1901 to 2001 (Source: Statistical Year
Book of Bangladesh).
Fig. 11. Irrigation by shallow and deep tube-wells in
various parts of the study area from 1975-2006 (Source:
Statistical Year Book of Bangladesh).
Climatic change. This area is also characterized by lower
rainfall and higher temperature compared to those of
other parts of the country. Climatic data interpretation of
the last 50 years reveals that annual rainfall in the area
is decreasing gradually, whereas overall temperature is
increasing. The increase in temperature and decrease in
precipitation also enhances the scarcity of water (Fig. 17
& 18i-ii).
Conclusion and recommendations. Interpretation of
satellite imagery and historical records reveal that the
major rivers of the area have remarkably migrated from
Barind tract during last few hundred years. Shifting of
rivers causes great change in hydrodynamics of the area.
At present irrigation by groundwater has dramatically
been increased in the area. To fulfill the demand, farmers
withdraw excess of water. Due to over exploitation, water
table progressively declines. The diversion of water by
Farakka barrage also leads to the decreasing of water in
the area. The aquifer system of the area is mainly confined
and inhomogeneous which is often interrupted by thick
clay layer and does not get appreciable vertical recharge
through clay beds. Recharge is mainly through the
exposures of sandy strata in the river beds which are
flooded in Monsoon season. Climatic data interpretation
also reveals that annual rainfall in the area is decreasing
and overall temperature is increasing which also leads
the area to water scarcity zone (Fig. 17(i-ii)). It is an agri-
cultural landmass where life is written in water. Once an
evergreen densely vegetated area with sparse population,
the environment has now been changed remarkably along
with the increase in population, modification of landform
and cropping pattern, deforestation etc. These observations
might be considered for better urbanization and land use,
groundwater use for irrigation and overall policy, law
and governance. Summer paddy or summer rice crop is
the most inefficient crop as it consumes a large quantity
of water and is responsible for over exploitation. For
sustainable supply of ground water it is necessary that
farmers switch-over to other crops in summer. Bangladesh
Agriculture Development Corporation (BADC) will also
take necessary steps.
Fig. 12(i). Godagari, Rahshahi (Well Id-RJ080)
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Fig. 12 (ii-ix). Water table in dry and wet periods from 1985-2005 (Source: Bangladesh Water Development Board).
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Fig. 13. Location of boreholes and cross-sections in the study area.
     Fig. 14. Lithological cross-section along the profile AA´ (Index map Fig. 13).
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Fig. 15. Lithological cross-section along the profile BB´ (Index map Fig. 13).
Fig. 16. Representative panel diagram of the study area (Index map Fig. 13).
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Fig. 17 (i-ii). Annual total rainfall in various parts of the study area (Source: Bangladesh Meteorological Department).
Fig. 18 (i-ii). Annual maximum and minimum temperature in various parts of the study area (Source: Bangladesh
Meteorological Department).
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